Essential hydrophilic carboxyl-terminal regions including cysteine residues of the yeast stretch-activated calcium-permeable channel Mid1.
The yeast Saccharomyces cerevisiae MID1 gene encodes a stretch-activated Ca(2+)-permeable nonselective cation channel composed of 548 amino acid residues. A physiological role of the Mid1 channel is known to maintain the viability of yeast cells exposed to mating pheromone, but its structural basis remains to be clarified. To solve this problem, we identified the mutation sites of mid1 mutant alleles generated by in vivo ethyl methanesulfonate mutagenesis and found that two mid1 alleles have nonsense mutations at the codon for Trp(441), generating a truncated Mid1 protein lacking two-thirds of the intracellular carboxyl-terminal region from Asn(389) to Thr(548). In vitro random mutagenesis with hydroxylamine also showed that the carboxyl-terminal region is essential. To identify the functional portion of the carboxyl-terminal region in detail, we performed a progressive carboxyl-terminal truncation followed by functional analyses and found that the truncated protein produced from the mid1 allele bearing the amber mutation at the codon for Phe(522) (F522Am) complemented the mating pheromone-induced death phenotype of the mid1 mutant and increased its Ca(2+) uptake activity to a wild-type level, whereas N521Am did not. This result indicates that the carboxyl-terminal domain spanning from Asn(389) to Asn(521) is required for Mid1 function. Interestingly, this domain is cysteine-rich, and alanine-scanning mutagenesis revealed that seven out of 10 cysteine residues are unexchangeable. These results clearly indicate that the carboxyl-terminal domain including the cysteine residues is important for Mid1 function.